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FOHMINO A WELLBORB CASING BY EXPANSION OP A TOBTJIAR MEMBER 



Backgrotind of the Invention 

This invention relates generally to wellbore casings, and 
5 in particular to wellbore casings that are formed using 
expandable tubing. 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of drilling 
10 fluid into the formation or inflow of fluid from the formation 
into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed casing of 
an upper borehole interval. As a consequence of this 
15 procedure the casing of the lower interval is ■ of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annul i are provided 
between the outer surfaces of the casings and the borehole 
20 wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill bits 
25 and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in 
the course of the well, and the large volume of cuttings 
30 drilled and removed. 

The present invention is directed to overcoming one or 
more of the limitations of the existing procedures for forming 
new sections of casing in a wellbore. 
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' Summary of the Invention 

According to one aspect of the present invention, there 
is provided a method of creating a casing in a borehole 
located in a subterranean formation, conprising: installing a 
5 tubular liner and a mandrel in the borehole; injecting a 
fluidic material into the borehole; injecting the fluidic 
material through the mandrel; pressurizing a portion of an 
interior region of the tubular liner below the mandrel; and 
radially expanding at least a portion of the tubular liner in 
10 the borehole by extruding at least a portion of the txibular 
liner off of the mandrel. 

According to another aspect of the present invention, 
there is provided a method of creating a casing in a borehole 
located in a section of a subterranean formation, the borehole 
15 having an already existing casing, comprising: drilling out a 
new section of the borehole adjacent to the already existing 
casing; placing a tubular liner and an expandable mandrel into 
the new section of the borehole; overlapping the tubular liner 
with the already existing casing; injecting a hardenable 
20 fluidic sealing material into an annular region between the 
tubular liner and the new section of the borehole; fluidicly 
isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the 
tubular liner below the mandrel; injecting a non hardenable 
25 fluidic material into the interior region of the tubular liner 
below the mandrel; extruding the tubular liner off of the 
expandable mandrel; sealing the overlap between the tubular 
liner and the already existing casing; supporting the tubular 
liner with the overlap with the already existing casing; 
30 removing the mandrel from the borehole; testing the integrity 
of the seal of the overlap between the tubular liner and the 
already existing casing; removing at least a portion of the 
hardenable fluidic sealing material from the interior of the 
tubular liner; curing the remaining portions of the hardenable 



fluidic sealing material; and removing at least a portion of 
the cured hardenable fluidic sealing material within the 
tubular liner. 

According to another aspect of the present invention, 
5 there is provided an apparatus 

comprising: a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, 
the mandrel including: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the 

10 tubular member, the shoe including a third fluid passage; 
wherein the first, second and third fluid passages are 
operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

15 comprising: a support member, the support member including: a 
first fluid passage; a second fluid passage; and a flow 
control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the 
expandable mandrel including a third fluid passage coupled to 

20 the first fluid passage; a tubular member coupled to the 
mandrel, the tubular member including one or more sealing 
elements; a shoe coupled to the tubular member, the shoe 
including: a fourth fluid passage coupled to the third fluid 
passage, the fourth fluid passage adapted to receive a stop 

25 member; and one or more exhaust passages coupled to the fourth 
fluid passage for injecting fluidic material outside of the 
shoe; and at least one sealing member coupled to the support 
member, the sealing member adapted to prevent the entry of 
foreign material into an interior region of the tubular 

30 member. 

According to another aspect of the present invention, 
there is provided a method of joining a second tubular member 
to a first tubular member, the first tubular member having an 
inner diameter greater than an outer diameter of the second 



txibular member, comprising: positioning a mandrel within an 
interior region of the second tubular member; pressurizing a 
portion of the interior region of the second tubular member 
below the mandrel by injecting a fluidic material into the 
5 second tubular member through the mandrel; and extruding the 
second tubular member off of the mandrel into engagement with 
the first tubular member. 

According to another aspect of the present invention, 
there is provided an apparatus 

10 comprising: a support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel 
including: a second fluid passage operably coupled to the 
first fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the mandrel is 

15 drillable; an expandable tubular member coupled to the 
mandrel; and a shoe coupled to the tubular member, the shoe 
including: a third fluid passage operably coupled to the 
second fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the shoe is 

20 drillable. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

25 an outer expansion surface and defining a second fluid 
passage; a tiibular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the interface between the 

30 tubular liner and the expansion mandrel is not fluid tight. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 



( 

an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; a 
shoe coupled to the tubular liner defining a third fluid 
passage; and a packer coupled to the shoe; wherein the first, 
5 second and third fluid passages are operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support metnber including 

10 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the third fluid passage 

15 defined by the shoe comprises one or more radial passages. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

20 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the wall thickness of a 

25 portion of the tubular liner above the expansion surface of 
the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of 
the expansion mandrel. 

30 Brief Description of the Drawings 

Fig. 1 is a fragmentary cross-sectional view illustrating 
the drilling of a new section of a well borehole. 
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t'lg. 2 IS a fragmentary cross -sectional view illustrating 
the placement of an embodiment of an apparatus for creating a 
casing within the new section of the well borehole. 

Pig. 3 is a fragmentary cross -sectional view illustrating 
5 the injection of a first quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 

Fig. 3a is another fragmentary cross-sectional view 
illustrating the injection of a first quantity of a hardenable 
fluidic sealing material into the new section of the well 
10 borehole. 

Fig. 4 is a fragmentary cross -sectional view illustrating 
the injection of a second quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 
Fig. 5 is a fragmentary cross -sectional view illustrating 
15 the drilling out of a portion of the cured hardenable fluidic 
sealing material from the new section of the well borehole. 

Pig. 6 is a cross -sectional view of an overlapping joint 
between adjacent tubular members which can be utilised in 
apparatus of the present invention. 

^^9- 7 is a fragmentary cross-sectional view of a 
preferred embodiment of the apparatus for creating a casing 
within a well borehole. 

Fig. 8 is a fragmentary cross -sectional illustration of 
the placement of an expanded tubular member within another 
25 tubular member. 

Fig. 9 is a cross -sectional illustration of a preferred 
embodiment of an apparatus for forming a casing including a 
drillable mandrel and shoe. 

Fig. 9a is another cross-sectional illustration of the 
30 apparatus of Pig. 9. 

Fig. 9b is another cross -sectional illustration of the 
apparatus of Fig. 9. 

Fig. 9c is another cross-sectional illustration of the 
apparatus of Fig. 9. 



FIG. 10a is a cross-sectional illustration of a wellbore induding a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a be-back liner using an ejtpandible tubular member. 

5 ^^-lOcisacross-sectionaliUustrationofthepumpingofafluidicsealW 
-tenal into the annular region between the tubular member and the exiZ^ 

of the tubular memier below the mandrel. 

10 *^ei<>»i3acro».«ctlo,«diIhu*r.tion„fthees™po^ 
member oflF of the mandrel 

FIG. 10fta.cros8^oheimuatrationofthetie.b«*ltoerbeforedrillmg 
out the shoe and packer. 

15 ™. J""' " ■ ™^'««»- '"•"'"tion of the coniplet«i tie-back Uner 
15 created uamganaqandibietubularmeniber. 

TO. "'i'afi^gmentan'cr.sMertionalviewmuatnrtingthedrflWof. 
new section ofaweU borehole. 

.nen*!!,^' "'""*^*^"°»-'~^'^''-"""*»'^tl»pIacen««,tof 



FIG. lie is a fragmentary cross-sectional view iUustratmg the injection of 

TO. lie i, a ftagmenta-y cro»..ection.l view mustredng the u^ection of 

.Becond.p«nti(,ofahardenableauidfcse.angmaterialmJHl ^^"^ 
the weU borehole. '=^'»»toialmto the new section of 

30 oftbe^t:.'^"'*""-^"'-'^-'"-''^ 
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Detailed Descrqition of the ninstrative Embodiments 

An apparatus and method for forming a wellbore casing \vithin a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
6 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
memb»s in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weUbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



ReferrmginitiallytoFigs. 1-5. an embodiment of an apparatu^ and method 
for forming 'a wellbore casing within a subterranean formation' will now be 
described. As illustrated in Fig. 1. a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section'llO having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105 
a drill string 125 is used in a weU known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Pig. 2. an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformationisthenpositionedinthenewsection 130 of the wellbore 
100. Theapparatus200preferablyinchidesanexpandablemandrelorpig205 a 
tubular member 210, a shoe 216. a lower cup seal 220. an upper cup seal 225 ' a 

fluid passage 230.afluid passage 235.afluidpassage240.seals245.andasupport 



member 250. 

15 



The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20embodm.ent.theexpandabIemandrel205comprisesahydrauHcexpansiontoolas 
disclosed in U.S. Patent No. 5.348.095. the contents of which are inconx,rated 
herein by reference, modified in accordance with the teachings of the present 

disclosure. 

■n»tubularmemb«210issuppoptedb5rthe«p„dablemand«1205 The 
25 tubular member 210 is expended to the r«lial direction and extruded off of the 
expandable manie, 205. The tubular member 210 may be fabricated Horn any 
number of con^ntional commercially available materiale such as, for example 

Odfield Counter lobular Goods (OCTG). 13 ch«,mium steel tubing/casing „J 
plastic tubing^oasing. In a preferred embodto>ent. the tubular member 210 is 

30 ^"-'^^^""OCrGinordertomaximize.trength.iterexpansion. T„emner 
and ouw d,am«e« of the tubalar m«nl«r 210 may rfflge, for example, from 
approximately 1.905 lo 1 19.38 ems (0.75 to 47 inches) and 2.667 to 121.92 ctns 
(1.05 to 48 inches), respectively. In a preferred 



embodiment, the inner and outer diameters of the tubuieur'niember 210 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect in 
the most commonly drilled wellbore sizes. The tubular member 210 preferably 
comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
2 1 0 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 
prefen-ed embodiment, the length of the tubular member 210 is limited to 
minimize the possibility of buckling. For typical tubular member 2 1 0 materials, 
the length of the tubular member 210 is preferably limited to between about 
12.192 to 6096m (40 to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the shoe 
2 1 5 comprises an aluminum down-jet guide shoe with a sealing sleeve for a 
latch-down plug available from Halliburton Energy Services in Dallas, TX, 
modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 210 in the wellbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

In a preferred embodiment, the shoe 215 includes one or more through 
and side ouUel ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into 
the region outside the shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 includes the fluid passage 240 having an inlet 
geometry that can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 
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s The lower cup seal 220 is coupled to and suppdrted by the support member 

i 250. The lower cup seal 220 prevents foreign materials from entering the interior 
. region ofthe tubular member 210 adjacent to the expandable mandrel 205. The 
• lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 

(SIP)cup8modifiedinaccordancewiththeteachingsofthepre8entdisclosure. In 

aprefeiredembodiment,thelowercupBeal220comprise8aSIPcupseal,avaiIable 

fh>mHalliburtonEnergyService8inDallas,TXinordertooptimallyblockforeign 
material and contain a body of lubricant. 

10 The upper cup seal 225 is coupled to and «ipported by the support member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as. for example. TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.available fromHalliburtonEnergyServices in Dallas. TXinordertooptimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within ti.e support 
member 260 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position ac^acent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 ispreferably positioned alonga centerline of 
the apparatus 200, 

25 TT. /I 

The fluid passage 230 is preferably selected, in the casing running mode of operation, to 
transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

The fluid passage 235 permitsfluidic materials tobe released from thefluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

// 
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new section 130 of the weUbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the weUbore 100 above the tubular member 210 

therebyminiinizingsuige pressureson the weUbor« section 130. The fhiid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably inchides a control valve for controllably 

opening and closingthe fluid passage 235. Inapreferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 

fluidpassage235i8preferablypositioned substantially orthogonal to thecenterline 
10 ofthe apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cr^ss-sectional 

shape thatpermitsaplug. or other similar device, to beplaced in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

fluidicly isoIatedfromtheregionexteriortothetubularmember2l0.Thispermits 

25 the interior region ofthetubularmember210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substentially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drillmg mud or epoxies at flow rates and pressures ranging from about 0 to 

30 1 1 356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9.000 
psi) in order to optimally fill the amiular region between the tubular member 210 and the 
new section 130 of the wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 

-a- 
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includes an inlet geometry that can receive a dart and/or a baU sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
6 tubularmember210. The seals 246 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as. for example 
10 lead, rubber. Teflon™, or epoxy seals modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 

Stratalock epoxy availablefromHaffiburtonEnergy Services in Dallas. TXin order 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 aiB selected to optimally provide 

a sufficient fnctional force to support the expanded tubular member 210 ftom the 
existing casing 116. In a preferred embodiment, the frictional force optimally 
prov.dcd by the seals 245 ranges from about 68.94757 to 68.947.57 bar (1 000 to 
1.000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 Th«^PPOrtmember250iscoupledtotheexpandablemandrel205 tubular 

member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the weUbore 100. In a preferred 

^"^»>^ent,thesupportmember260furtherincludesoneormoreconventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the • 

tabular member210. In thismanner,theextrusionofthetubularmember210off 
oftheexpandablemandrel206isfacilitated. The lubricant 275 may comprise any 
number of conventional commercially available lubricants such as, for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3100) available from Climax Lubricants and Equipment Co. inHoustbn. 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minimizes thepossibilityofforeign material cloggingthevariousflowpassagesand 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

apparatus200andtoensurethatnoforeignmaterialinterfereswiththeexpansion 

process. 

15 AsillustratedinFig.3,thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 305 is then pmnped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 

mteriorregion310of the tubularmember210below the expandable mandrel205 
The material 306 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the annular region 3 1 5 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678.1 177 litres/minute (0 to 1.500 gallons/min). respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
bcmg pumped. The optimum flow rate and operating pressure are preferably detemiined 
usmg conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 

5 while also maintfliniTig optimum flow chflracteriRtirg on hq to Tninimi w r^^ff|(»n]{;ie3 

during the displacement of cement in the annular region 315. The optimimi blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in 
10 suffident quantities to ensure that, upon radial expansion of the tubiU^ 

210, the annular region 315 of the new section 130 of the wellbore 100 vrill be filled 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluidicly isolating the interior region 310 ftx>m the 
annularregion315. In a preferred embodiment, a non-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 210 will 
25 notcontainsignificantamountsofcuredmaterial305. This reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes suffidenUy pressurized, the tubular 
member 210 is extruded offofthe expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded porti^ 
the tubular member 210. In a preferred embodiment, during the extrusion 

process, the mandrel 205 is raised at approximate^^ the same rate as the tubule 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off" of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

available devicesfrompluggingafluidpassage such as, forexample,Multiple Stage 
Cementer (MSC) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, torn approximately 27.579028 to 689 4757 bar (400 

20 *°^0.000psi)and 113.562310 15141.6473 liti«s/minute(30to4.000gaHons/min) In 
this manner, the amount of haidenable fluidic sealing material withfn the interior 310 of 

the tubular member210is minimized. Inapreferred embodiment, aflerplace^^^^ 
plug 405 m the fluid passage 240, the non hardenable material 306 is preferably pumped 
mto the mterior region 3 10 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164to 11356.2355 litres/minute (40 
to 3.000 gallons/min) in order to maximize the extmsion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensUe, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205. the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thicknessof the tubularmember210, the type of lubricant, and theyield strength 
of the tubular member 210. In general, the thicker the waU thickness, the smalle 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 ofTof the mandrel 205. 

For typical tubular members 210. the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
3 1 0 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular monber 210 at rates ranging fix>m about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 expandable mandrel 205. the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 3.447379 to 
1.278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 



Theoverlappingjointbetweenthe8ection410oftheexistmgcasingll5and 
the section 265ofthe expanded tubularmember2l0preferablyprovidesagaseous 
25 andfluidicseal. In a particularly preferred embodiment, the sealing members 245 
optimally provide a fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenablefluidicmaterial 306 iscontroUably ramped downwhentheexpandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In a 
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preferred embodiment, the operating pressure-is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubularmember210and the lower portion270ofthecasing 115 is satisfactory, 

then anyuncured portion of the material305 within the expanded tubular member 
20 2 1 0 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 206 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5,preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 605. The resulting new 
section of casing 610 includes the expanded tubular member 210 and an outer 
30 annular layer 515 ofcured material 305. Thebottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 



As illustrated in Fis- 6, the upper portion 260 of the ttibul^ member 210 
includes one or more sealing members 605 and one or more pressure relief 
holes 610. . In this manner, the overlapping joint between the lower portion 270 
of the casing 1 1 5 and the upper portion 260 of the tubular member 2 1 0 is 
pressure-tight and the pressure on the interior and exterior surfaces of the 
tubular member 210 is equalized during the extmsion process. 

The sealing members 605 are seated within recesses 615 formed in the 
outer surface 265 of the upper portion 260 of the tubular member 210. In an 
alternative preferred embodiment, the sealing members 605 are bonded or 
molded onto the outer surface 265 of the upper portion 260 of the tubular 
member 210. The pressure relief holes 61 0 are preferably positioned in the last 
few feet of the tubular member 210. The pressure relief holes reduce the 
operating pressures required to expand the upper portion 260 of the tubular 
member 210. This reduction In required operating pressure in turn reduces the 
velocity of the mandrel 205 upon the completion of the extrusion process. This 
reduction in velocity in tum minimizes the mechanical shock to the entire 
apparatus 200 upon the completion of the extmsion process. 

Referring now to Fig, 7, a particularly prefen-ed embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 
lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 Is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of tiie present disclosure. 
In a prefened embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. PaL No. 5,348,095, the contents 
of \^ichare 

1^ 



incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The e^)andable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The esqpandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example. Oilfield Coimtry Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated fix}m a tubular material having a thinner wall 
thickness than the tubular member 210. This F>ermits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular |^T^Tt^ ^^ar cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel contamer 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 



preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of the tubular member 715 is preferably defined by the region 
beginningin the vicinity of the mandrel 705 and ending at the bottom 825 of the" 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the waU thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 

facdaatetheinitiationoftheextrusionprocessandoptimallypermittheapparatus 
10 700 to be positioned in locations in the wellbore having tight clearances 

■^-'"-^-etcr and wall thicloKssofthe upper section 805 of the tu^^^ 
5 08™' Z ^° ''"^ 0-3,75 to 

^.c^cssoft^ 

(3.5 to ,6 .nches) and 0.375 to 3.8, cms (3/8 to 1.5 inches), respectively 

■n. outer dian^ter and tWckness of the intermediate section 810 of the tul^lar „Kn*er 715 ■ 

™y n.ge for exan^ie. i.0. al.« 6.5 to 127 cn. (2.5 .0 50 inches) 

»c^cs, .espectivcly. ,„ a p„fe„«, e„^^^ ^ ,,,, ^^^^ : 

™esect.on8,0ofthe..^^^ 

and 0.3175 to 3.175 cjns (1/8 to 1.25 inches), respectively. ^ 

20 ^'°7'^'»-^-»''-,,thicknessofthe,owersection8,5of.hetubu,arn.e^^^^ 
715 may range, for example from about 6.35 to 127 cms oSfosn us.. 
cms (1/16 to 1 ■ K . ^ '"''^"^ ""^ ^ '^^^^ 3.175 

cms (1/16 to 1.25 mches). „spectivcty. m a preferred embodiment, the outer diameter and wall 
thickness of the lower section R i n /.f tk- *, u t . 

GSto.o- . , "7 °'*'^'""'"'"'"'^ ra„«« from about 8.89 to48.26 cms 

(3.5 to 19 mches) and 0.3175 to 3.175 cms (l/R i 7^ k n 

, . . " J cms (1/8 to 1.25 mches), respectively. In a particularly 

example, aluminium are used. 

prefer! en,bod™=„^ U,e «i portoo 820 of fte eubula^m^ber 7,5 is slc,„ed 
perforated, o, olherwis. modified .„ ca>ch or slow do™ d,e ^drel 70S when I, 
co™p,e,es,heexm.io„of»,bularmember7.5. In a preferred embodfa,««. 4. 
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For^.c.,,„butarm«„ber715,^terial.,theIengthofthetabular„.e.nber715 

5 me^ 7X5. The shoe 720 includes the fluid passage 740. I„ a prefe^d 
e»bcd»«t,theshoe720«^i„eludesaniule.passage830.end„J^^ 

of *e ^et pases^ 830 is «,.p.ed .o «ceive a iatch-do™ dar, o. other suniT 
elements, for kicking the inlet passage 830. The interior of the shZw^ 
10 «includesahod.ofsoHdn„^.,8«„„,^„^^,^ 3^^^/^ 

Shoe 720. apaHicularLprefe^d en.hodin.ent. the hod.of soUd 

compnses aluininxun. "wwnai 040 

The shoe 720 oiay comprise any number of conventional commercia% 
'^'"c^'^.rore.ample.SuperSealnDown^etfloatshoe.orn 
teadnngs of the p.«ent disclosure. In a ptefe™, embodiment, the shoe 720 

oomp™esanalu«i„umdown.jetguideshoewithasealingsleevefo;alario™ 
Plug avaiUble ^m Halliburton Energ, Services in Dalla. 

20 irr :r " '«-°~- - --^ nz: 

20 gu^dmg the tuhuhr member 715 in the wellbo™. optimise the seal bJLT 

~of^eshoe720b.drillU.gitoutaftercompletionoftheeJLon^^^ 
745 J^ol"'"T"'''°°"'''"°"''"'^'^^*'-''^«-mber 

cupseal725». «Pandable mandrel 70S. Thelower 

=upseaI725maycomp„»anynumberofconventio„alcommercianyavailablec„„ 

mo^edmacco.dancewiththetea*ingsofthepresentdisclosure.lnap.e^3 
embodmient. the lower cup seal 72.? • »r„ "'■P'«"red 

30 HaUihurtonEner^Servicesl^'' ""^r ' 

in Dallas, TX in order to optimaUy provide a dAhric 
barrier and hold a body of lubricant. ^"'^ 



Theiupper cup seal 730 is coupled to and supported by the siipport member 

760. Theuppercupseal730preventsforeignmaterialsfromenteringtheinterior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the upper cup seal 

730 comprisesaSn> cup available from HamburtonEneigy Services in Dallas. TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 pennits fluidic materials to be transported to and 
10 fromtheinteriorregionofthetubularmember715belowtheexpandablemandreI 
705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 
760. the support member 745. the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
16 to the surface to the bottom ofthe expandable mandrel 705. The fluid passage 735 
ispreferablypositionedalongacenterlineofthe apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 

epoxies at flow rates and pressures ranging from about 15 J.4164 to 1 1356.2355 littes/minute (40 to 3.000 
gallons/nunute) and 34.473 to 620.52813 bar (500 to 9,000 psi) in order to provide sufficient operating 
2Q pressures to extrude the tubular member 715 offof the expandable mandrel 705. 

As described above with reference to Figs. 1-6. during placement of the 
apparatus 700 within a new section of a wellbore. fluidic materials foreed up U,e 
fluid passage 735 can be released into the wellbore above the tubular member 715 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260 The 
pressure release passage is further fluidicly coupled to the fluid passage 735 The 
pressure release passage preferably includes a contxol valve for controUably 
opening and closing the fluid passage. In a preferred embodiment, the control 

valveispressureactivatedinordertocontrollablyminimizesurgepressures The 
30 pressure release passage is preferably positioned substentially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drillingmud or epoxies at flow rates 

^3 
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and pressures ranging from about 0 to 1892.7059 litTes/imnute (0 to 500 gallons/minute) and 0 to 68.94757 
bar (0 to 1 ,000 psi) in order to reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block fiurther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 706 can be 
optimally fluididy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 
16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11 356.2355 litres/minute (0 to 3,000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally fill an annular region 
20 between the tubular member 715 and a new section of a wellbore with fluidic materials. 
In a preferred embodiment, the fluid passage 740 includes an inlet passage 830 having a 
geometry that can receive a dart and'or a ball sealing member. In this manner, the Ouid 
passage 240 can be sealed off by introducing a plug, dart and'or ball sealing elements 
into the fluid passage 230. 

25 I'^aprefe"edembodiment,theapparatus700furtherindudesoneormore 
seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are fmther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicly sealed. The seals 845 may comprise any 
number of conventional commerdally avaUable seals such as. for example, lead, 
rubber. Teflon™, or epoxy seals modified in accordance with the teachings of the 
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; present disclosure. In a preferred embodiment; the seals 845 comprise seals 
: molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas. TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 

5 "^ca^gwithoptimalloadbearingcapacitytosupportthetubularmember 

716. 

Inapreferredembodiment,theseals845ai^selectedtoprovideasufficient 
fiictional force to support the «cpanded tubular member 715 from the existing 

casmg. Inapreferredembodiment.thefrictionalforceprovidedbytheseals845 
10 ranges trom about 68.94757 to 68.947.57 bar (1.000 to 1.000. 000 Ibf) in order to 
optimally support the expanded tubular member 715. 

■n'«B"PPortmmbep745i,preferd,b,coupledt.the«pandable»and«l 
705 «,d the overahot connection 766. The eupport member 745 preferably 

15 700 mto a new section of a weBbo^. The support member 746 may comprise any 
number of con^ntional commercially .™ibble support members such as for 

e»m>ple. steel driB pipe, coiled tubingor other high strength tubular modi&d in 
■-ordance ^ the teaching, of the present disclosure. In a p^erred 

embedment, thesupponmember746cooprisesconve„tlonaIdriUpipeava^^^ 
20 from vanous steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annulerregionabovethee^andahlemandrelccnt.iner710™thintte 

the^uUrmember715.Inthismanner,thee«rusionofthetubularmember7Z5 
offoftheexpandablemandr^VOSisfaciHtated. The lubricant 705 may comprise 
any number of conventional ^mmerdally available lubricants such as for 
« Lubriplate. chlorine based lubricants, oU based lubricants, or Ctoa. 

cZ^^!T' '""'"^'^-'-^»*.«-'--^.750comprises 
^ Z "^'^ Services in 

30 p^"' ""'^ ^ 

J'»»™'^tconnection755is»„pledtothesupportmember745andthe 
»Pp.rtmember7eo. ^eovershot»mection755prefe™b,ypermitsthesupport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commerciaUy available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Ad^ter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a weUbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as. for example, steel drill pipe, coiled tubing or other hi^ strength tubulars 
modifiedinaccordancewiththeteachingsofthepreseutdisdosure. Inapreferred 

15 embodiment,the8upportmember760comprisesaconventionaldriUpipeavailable 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
mterior diameter of the tubular member 715 in order to optimally minimize 
bucklingofthetubularmember715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 

SterGuides.packer8hoesordragblocksmodifiedinaccordancewiththeLching8 
25 °fth«P'«8entdisclosure.Inapreferredembodiment.thestebilizer765comprises 
a sealing adapter upper guide available from Halliburton Energjr Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. Inthismanner,theintroductionofforeignmaterialintothe apparatus 700 
IS minimized. This minimizes the posaibiHty of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
throu^ the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Fig. 8, in an alternative preferred embodiment, the method 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer anmilar lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 

20 tubular liner 810 is formed within a horizontally positioned pipeline section, such 
as those used to transport hydrocarbons or water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this maimer, 
imdergroimd pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
the tubular Hner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubxilar liner 810 into 

30 intimate contact with the wellbore such as, for example, cement, epoxy, slag miy 
or drilling mud. 
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( In a prefeired embodiment, the combined length of the tubular nlfe'mbefs 

902 and 91 5 are limited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a particulariy preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307.921 95 
bar (40,000 to 135,000) psi in order to optimal^ provide approximately the same 
yield properties as ttie tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 0.625 
to 3.81 cms (1/1 6 to 1 .5 Inches). In a prefen^d embodiment, the wall ttiickness 
of the upper, intermediate, and lower portions, 910, 912 and 914 of ttie tubular 
member 902 range from about 0.31 75 to 3. 1 75 cms (1/8 to 1 .25 inches) in order to 
optimally provide wall Uiickness that are about ttie same as ttie tubular member 
915. In a preferred embodiment, ttie waU thickness of ttie lower portion 914 is 
less ttian or equal to ttie wall ttiickness of ttie upper portion 9 1 0 in order to 
optimally provide a geometiy ttiat will fit into tight clearances downhole. 

The outer diameter of ttie upper, intermediate, and k>wer portions, 910, 
912 and 914 of ttie tubular member 902 may range, for example, from about 2.667 
to 121.92 cms (1.05 to 48 inches). In a preferred embodiment, ttie outer 
diameter of ttie upper, intennediate, and lower portions, 910, 912 and 914 of ttie 
tubular member 902 range from about 8.89 to 48.26 cms (3 V4 to 19 inches) in 
order to optimally provide ttie ability to expand tfie most commonly used oilfield 
tubii^rs. 
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The length of the tubular member 902 is preferably limited to between about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enou^ length to contain the 
mandrel 906 and a body of lubricant. 

Tlie tubular member 902 may comprise any number of conventional 

5 conunendaUyavailabletubularmembersmodifiedinaccordancewiththeteachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 presentdisclosure. In a preferred embodiment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various' 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as. for example, threaded connections 
welding or machined firom one piece. In a preferred embodiment, the various' 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as. for example, threaded connections, welding or 
machined from one piece. 

25 The support; member 904 preferably includes an innerstring adapter 916 

a fluid passage 918. an upper guide 920. and a coupling 922. During operation of 

theapparatus900.thesupportmember904preferably supports theapparatus900 
dunng movement of the apparatus 900 within a weUbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated fr^m any number of 

conventional commercially available materials such as. for example, oilfield 
tubulars. low alloy steel, coiled tubing or stainless steel. In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the flxxid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure duringpositiomngofthe apparatus 900 within a wellbore. In apreferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^ance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.528 13 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 



934, an extension sleeve 936, a spacer 938. a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948. a gmde 
950, and a fluid passage 952, 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantiaUy annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as. for example, slotted spring pins or roll 
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10 The rubber cup 926 is coupled to the retainer 924. the lubricator mandrel 

946. and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 

foreignmaterials into the interior region 972ofthe tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as. for example. TP cups or Selective 
15 Injection Packer (SIP) cup. In a prefermi embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas. TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is ikrther 

providedintheinterior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number ofconventional commercially available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100X ^-apreferredembodiment,thelubricantcomprisesClimaxl500Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston TXin 
order to optimally provide lubrication to faciliate the extrusion process. ' 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 

Ofcement932,thelowerguide934,theextensionsleeve936,thehousing940 and 
theupperconeretainer944. In a prefer embodiment, during operation of the 
30 apparatus 900. the tubular members 902 and 915 are extruded off of the outer 
surfaceoftheexpansioncone928. In a preferred embodiment, axial movement 
oftheexpansioncone928ispreventedbythelowerconeretainer930.housing940 
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and the upper cone retainer 944. Inner liadial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantiaUy annular cross section. 
6 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The waU thickness of the expansion cone 928 may range, for 

example, from about 0.3175 to 7.62 cn«i (0.125 to 3 inches)- In a preferred embodiment, the waU thickness 
of the expansion cone 928 ranges from about 0.635 to 1.905 cms (0.25 to 0.75 inches) in order to optimally 
provide adequate compressive strength with minimal material. The maximum and minimum outside 
diameters of the expansion cone 928 may range, for exan^le. from about 2.54 to 1 19.38 cms (1 to 47 
inches). In a preferred embodiment, the maximum and minimum outside diameters of the expansion cone 
928 range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimaUy provide expansion of 
generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from anynumberofconventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 

or low alloy steel. Inapreferred embodiment, the expansion cone928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 

The surface hardnessofthe outer surfaceoftheexpansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 RockweD C in order to optimaUy provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimaUy provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantiaUy annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commerciaUy available materials such as, for example, ceramic, tool 
steel, titanium or low aUoy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimaUy provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, firom about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surfSace hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lowra- cone retainer 930 is heat treated to optimal^ provide a hard outer surface 
and a resilient interior body in order to optimalty provide abrasion resistance and 
fracture toui^ess. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the ^paratus. The outer 
surface of the lower cone retamer 930 preferably mates with the inner surfaces of 
the tubiilar members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body ofcement 932 provides an inner bearing structure for the mandrel 906. 
The body ofcement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commerdaDy available cement compounds. Alternatively, aluminum, cast iron or 

someotherdrillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 I>uringoperationoftheapparatus900,thelowerguide934preferablyhelp8guide 
the movement of the mandrel 906 within the tubular member 902. The k)wer 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fSabricated from any number of conventional 

commerdaUy available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in onier to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 

940. I>«rag operation ofthe apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 

The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steel. In a preferred embodiment, the 
10 «^nsion8leeve936i8fabricatedfi™mlowaUoysteelinordertooptimallyprovide 
highyieldstrength. The out«: surface ofthe extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sUding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral on^piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 

preferably inchidesthefluidpassage 952 andisadaptedtomate with theextension 
tube 960 oftheshoe 908. In this mamier. a plug or dart can be conveyed fix,m the 
surface through the fluid passages 918 and 952 into the fluid passage 962 
20 P^ferably. the spacer 938 has a substantiaUy annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commerciaUy available materials such as. for example, steel, ahuninum or cast 
iron. I^aprefeixed embodiment. thespacer938isfabricatedfromaluminum in 
<>'^e'-tooptamaUyprovidedrillabiHly.Theendofthespacer938prefe«^^^ 
25 with the end of the extension tube 960. In a preferred embodiment, the spacer 

938andthesealingsleeve942areformedasanintegralone-pieceelementinorder 
to reduce the nmnber of componente and increase the strength of the apparatus 
The housing 940 is coupled to the bwer guide 934. extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 oPe"tionoftheapparatus900.thehousing940preferablypreventsinnerradial 
motionoftheexpansioncone928. Preferably, the housing 940 has a substantially 
anmilnr cross-Bectiozi. 



The housing 940 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars, low aUoy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934. extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housmg 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. thespacer938. and theupperconeretainer944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 

906. Thesealingsleeve942ispreferablycoupledtotiiesupportmember904using 
15 ti.e coupling 922. Preferably, the sealing sleeve 942 has a substantiaUy annular 
cross-section. 

The sealingsleeve 942 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast 
iron. In a preferred embodiment. ti,e sealing sleeve 942 is fabricated from 

20 «lumin^inordertooptimallyprovidedrillabilityoftiiesealingsleeve942. 

In a particularly preferred embodiment, the outer suri'ace of the sealing 

sleeve942includesoneormoreprotrusionstofaciliatetiieconnectionbetweenthe 
sealing sleeve 942 and tiie body of cement 932. 

In a particularly preferred embodiment, tiie spacer 938 and the sealing 

25 ^eeve942areintegrallyformedasaone-pieceelementinordertominimizethe 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928 the 
»ealingdeeve942,andlhebo«,ofcement932. DuringoperBtionofthe.ppa™tua 

900,th.upperconeret«ner944preferablypre™nteaxialmoUonofthee»panaion 
30 cone 928. Preferably, the upper cone retainer 944 has a subrtantiany annular 

cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, steel, 
ahiminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from ahiminum in order to optimally provide drillabiUty of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantiaDy I-shaped to provide increased rigidity and minimize the 
10 amount ofmaterial that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of hibricant in the annular region 972 for lubricating the 
15 interfece between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum orcastiron. In a preferred embodiment, the lubricator mandrel 946 is' 
20 fabricated from aluminum in order to optimally provide drillabiUty of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 

retainer 924.thenibbercup926,theupperconeretainer 944, thelubricatorslL^ 
948, and the guide 950. During operation of the apparatus 900. the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be febricated from any number of 
conventional commercially available materials such as, for example, steel 
aluminum or cast iron. In a preferred embodiment, the lubricator sleev^ 948 is' 
30 fabncated from alumimmi in order to optimally provide drillabiUty of the 
lubricator sleeve 948. 
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; As illustrated in Fig. 9c. the lubricator sleeve 948 is supported by the 

lubricator mandrel 946. The lubricator sleeve 948 in turn supports the n.bber cup 

926. TT^eretainer924couplestherubbercup926tothelubricatorsleeve948 Ina 
prefeired embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946. lubricator sleeve 948. and nibber cup 926 in order to opUmally seal 
off the interior region 972 of the tubular member 902. 

•nie guide 950 is coupled to the lubricator mandrel 946. the retainer 924 and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 95o' 
preferably guides the apparatus on the support member 904. Preferably, the guide 
950 has a substanUally annular cross-secUon. 

•me guide 950 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast 
iron, in a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 

TTie fluid passage 952 is coupled to the mandiel 906. During operation of 
the apparatus, the fluid passage 952 p,eferably conveys hardenable fluldic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
ti.ecenter«neoftheapparatus900. In a particularly prefened embodiment ti,e 
fluid passage 952 is adapted to convey hardenable fluldic materials at pressures 
and flow rate ranging from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 
1 1356.2355 litres/minutes (0 to 3.000 gallonVmIn) in order to optimally provide 
pressures and flow rates to displace and circulate fluids during the Installation of 
the apparatus 900. 

TTe various elemenu of the mandrel 906 may be coupled using any number 
of convewional process such as, for e^mple, threaded connecdons, welded 
connecUons or cementing. In a prefetred embodiment, the various elements of 
the mandrel 906 are coupled using threaded connections and cementing 

The shoe 908 preferably Includes a housing 954, a body of cement 956 a 
sealing sleeve 958, an extension tube 960, a fluid passage 962. and one or more 
ouUel jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900. the 
houshig 954 preferably couples ti.e lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and positiofung of the tubular member 902. 
Preferably, the houaiiig 954 has a substantial^ annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 964 is fabricated from aluminum in order to 
optimall)' provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to fadliate the connection between the body 
of cement 956 and the housing 954. 

10 Ti»ebodyofcement956iscoupledtothehousing954,andthesealingaleeve 
958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easUy drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a driUable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to ii«ect the hardenable fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, duringoperation of the apparatus 900. the sealing sleeve 958 furiiier 

25 inchidesaninletgeometiythatpermitsaconvBntionalplugordart974tobecome 
lodgedintheinletofthe8ealing8leeve968. In this manner, the fluid passage 962 
may be blocked thereby fluidicly isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-aection. The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
ahmiinum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimaUy provide drillabilily of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900. the sealing sleeve 960 furiOier includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902 In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 

annular cross.section.Theextension tube 960 may befabricatedfromanynumber 
of conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a preferred embodiment, the extension tube'960 is 
20 fabncated from aluminum in order to optimaUy provide drillabilify of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958. the extension 
tube 960. and one or moro outlet jets 964. During operation of the apparatus 900 
the fluid passage 962 is preferably conveys hardenable fluidic materials In a 

25 preferred embodhnent. the fluid passage 962 is positioned about the centerlineof 

theapparatus900.Inaparticularlypreferredembodiment.thefluidpassage962 
adapted to convey hardenable fluidic materials at pressures and flow rate 

r^gmgfro.about0to620.528,3bar(0to9.000psi)and0^^ 
gallons/mm) m order to optimally provide fluids at operationally efficient rates. 

The ouUetjets964arecoupledtothesealingsleeve 958. the extension tube 
960. and the fluid passage 962. During operation of the apparatus 900. the ouUet 
jete 964 preferably convey hardenable fluidic material ftx,m the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 indudes a plurality of outlet jets 964. 

In a preferred embodimeiit, the ouUet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 
a drill string is used in a weU known mamier to drill out material from the' 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
fonnation is then positioned in the new section of ti.e wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into tixe fluid passage 918 The 

hardenable fluidicsealingmaterialti,enpassesfromtixenuidpassage918 into the 
mterior region 966 of ti,e tubular member 902 below tte mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outiet jets 964 and mis an annular region between the 

extenor ofthetiibular member 902and the mterior wall of ti.enewsectionofti.e 
wellbore. Continued pumpingofthehardenable fluidic sealmg material causes ti,e 
material to fill up at least a portion of tiie annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

the hardenable flu,d.c seaUng ™a.eria. is punned in.o the a^ular region a. pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enou^ circulating pressures such that circulation mig^t be lost and 
that coiild cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoagr. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available &om Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
mraiber while also mainti^Tning optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the anniilar 
region. The optimum composition of the blended cements is preferably detenxiined 
15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the anniilar region of the new section of the wellbore will be 
filled with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fhiidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhudidy isolating the interior region 
966 ofthe tubular member 902 from the external annular region. Inapreferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 
25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 915 
30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded oflFof the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the miidrel 906 
is raised out of the expanded portions of the tubular members 902 and '915 using 

the supportmember 904. Duringthisextrusionprocess. the shoe 908 ispreferably 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional mamier. The plug or dart 974 may comprise any number of 
conventional commerciaUy available devices for plugging a fluid passage such as 
for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latchniown 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 

Represent disclosure. Inapreferred embodiment, theplugor dart 974oomprise8 
aMSClatch-downplugavailablefi^mHalUburton Energy Services in Dallas. TX 
After placement of the plug or dart 974 in the fluid passage 962. the'non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 J- flow rates ranging fiom app„>xi™ately 34.473 to 620.52813 bar (500 to 

oZT (^to3.000gal,ons/n.in,inor^^^ 
optimally extmde the tubular members 902 and 915 off of the mandrel 906 

For typical tubuiax »en*crs 902 and 915. the extmsion of the tubular mcn*en 902 and 915 off 

Of exp^dable ^ndrc, will begin when the pressure of the interior region 966 reaches approxin..ely 

20 Z T"" " ^ '"^ " " - — - - tuj 

-bers 90 and915off Of the n^ndre. 906 begins When the press^e Of the inteHor:^^^^ 

4731.7648 Iimstonme (40 10 1230 g.lkms«i.i««) 

*k T"™""" '"^ ~>"'=^«<' »« of ft. expanded 

25 .oLSZ^sCOtoSft/sec). In.prefenedembodtaen.d^ng the exmisi™ process U,e 

n™,*«1906,s™sedo„.of.heexpandedpor,,Wofd«,„M.„«„be.«,2a„d;,r 
a. |Btes ranging 6om abou. 0 .o 0.6O96 m/s (0 ,o 2 ft/sec) in oMer u. oplimally provide 
pulUng speed fas, e™>„gh ,o penni, effleien, operation and pern,,. SilI expansion of flie 
^bular members 902 and 9. 5 pHor .o c^g of^ hardenab.e fluidic sealing material- 
but no, so fas, tha. timely adjustinen. of operating parameters during opet^ti 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular member 
915 wiU preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 3.447379 to 1,278.9514 
bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the existing 
section of wellbore casing ranges from approximately 27.579028 to 689.4757 bar (400 to 
10.000 psi) in order to optimaUy provide contact pressure to activate the sealing members 
and provide optimal resistance such that the tubular member 915 existing wellbore casing 
will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when the mandrel 
906reache8theupperendportionofthetubularmember915. In this manner, the 
15 sudden release of pressure caused by the complete extrusion of the tubiilar 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantiaUy linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately aU but about the last 5 feet of the 
20 extrusion process. 

In an alternative preferred embodiment, the operatingpressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controlled during aU phases of the operation of the apparatus 900 to 

minimize shock. 

25 AItematively,orincombination.ashockabsorberisprovidedinthesupport 

member 904 in order toabsorbtheshockcausedbythe sudden releaseof pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

above the support member 904 inorder to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the weUbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 
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'upper portion of the tubular member 915 and the lower portion of the existing 
;casing is tested using conventional methods. If the fluldic seal of the overlapping 
joint between the upper portion of the tubular memberi915 and the lower portion 
of the existing casing is satisfactory, then the unotted portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then aUowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within 
10 the interior of the expanded tubular members 902 and 915 is then removed in a 

conventional manner using a conventional drill string. The resulting new section 
of casing preferably mdudes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom 
portion of the ^paratus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 

necessary to remove the entire apparatus 900 from the interiorofthewellbore due 
to a malfunction. In this circumstance, a conventional driU string is used to driD 
out the interior sections of the apparatus 900 in order to facilitate the removal of 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
alummum. that permit a conventional driU string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the hibricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out usinj 
30 conventional drilling methods and ^jparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Kgs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. lOa, a wellbore 1000 positioned in a subterranean formation 
1002 indudes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 
10 In a particularly preferred embodiment, an upper portion of the tubular 

liner 1012 overUps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surfjace of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115. one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commerdally available expandable mandrels 
25 modifiedinaccordancewiththeteachingBofthepresentdisdosure. Inapreferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded ofi^of the eaqpandable mandrel 1105. The tubular member 1110 may be 
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^ fabricated from any number of materials such as, for exanjU^] '0miCd Qgintri . ' ' 
Tubular Goods, 13 chromium tubing 6rpIasUc piping. In a preferred embodiment, 
the tubular member 1 110 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diametere of the tubular member 1 1 1 0 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respectively. In a preferred embodiment, the inner 
and outer diameters of the tubular member 1110 range from about 7.62 to 39.37 
cms (3 to 1 5.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in 
order to optimally provide coverage for typical oilfield casing sizes. The tubular 
member 1 1 10 preferably comprises a soUd member. 

In a preferred embodiment, the upper end portion of the tubular member 
1 1 10 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 11 05 when It completes the extrusion of tubular member 1110. Ina 
preferred embodiment, the length of the tubular member 1 1 1 0 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
the length of the tubular member 1 1 1 0 is preferably Umited to between about 
12. 192 to 6096m (40 to 20,000 feet) in length. 

The shoe 1 1 15 is coupled to the expandable mandrel 1 105 and the tubular 
member 1 1 10. The shoe 1115 includes the fluid passage 1 135. TTie shoe 1 115 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe. Super Seal 11 Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1 1 1 5 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug with side ports radiating off of the exit flow port available from 
Halliburton Energy Services in Dallas. TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1 100 to the overiap between ttie tubular member 1 100 and the casing 1 012, 
optimally fluididy isolate the interior of tiie tubular member 1 100 after the latch 
down plug has seated, and optimally pemiit drilling out of the shoe 1 1 1 5 after 
completion of ttie expansion and cementing operations. 

In a prefen-ed embodiment, the shoe 1 1 1 5 includes one or more side outiet 
port* 1 140 in fluidic communication witii the fluid passage 1 135. In this manner. 
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the shoelllSiiyectsharfenablefluidicsealingmaterial into the region ou^^^ 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one ormore of the fluid passages 1140 each havingan inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140canbesealedoffbyintroducingaplug,dartand/orballsealingelementsinto 
the fluid passage 1130. 

The cup sealll20iscoupledtoand supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 

the tubularmember 1110 a«^jacenttotheexpandable mandrel 1105. Thecupseal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as. for example, TP cups or Selective Injection Packer (SIP) cups modified m 
accordance with the teachmgs of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 

Energy Services in Dallas, TXinordertooptimallyprovideabarriertodebris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fiom about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) 
25 and 0 to 620.528 13 bar (0 to 9,000 psi) in onier to optimally provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell35permitefluidicmaterialstobetransmittedfromfluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the mterior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a croks- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between the tubular member 
1 110 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1 140 can be sealed offby introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. In a preferred embodiment, 
the apparatus 1 1 00 includes a plurality of fluid passage 1 1 40. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commerdaUy 
available seals such as. for example, lead, mbber. Teflon™ br epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1146 oompriseseals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulieseal in the overlappingjointand optimaUy provideload^ca^ 
to withstand the range of typical tensUe and compressive loads." 

In 'a preferred embodiment, the seals 1145 are selected to optimally provide 
asufficientfrictionalforce to support the expanded tubular member lllOfromthe 
5 tubular liner 1008. In a preferred embodiment, the fnctional force provided by the 
seals 1 145 ranges from about 68.94757 to 68. 947.57 bar (1.000 to 1.000. 000 IbQ in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 11Q5 
tubular member 1110, shoe 1116. and seal 1120. The support member 1150 
10 preferably comprises an amiular member having sufficient strength to cany the 
apparatus 1100 into the weUbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
Ulustrated) to help stabiUze the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, tiie extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is faciUtated. The lubricant 1150 may 
compnse any number of conventional commerciaUy available lubricants such as 
for example Lubriplate™. chlorine based lubricants or Cliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the habricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston TX in 
order to optimally provide lubrication for the extrusion process. 

Inaprefeired embodiment, the support member 1150is thoroughly cleaned 
P"°- to assembly to the remaining portions of the apparatus 1100 In this 

25manner.theintroductionofforeignmaterialintotheapparat«sll00isminimized 
Th. minimizes the possibility of foreign material clogging the various flow 

passages and valvesof the apparatus 1100 and to ensure that noforeign material 
mterferes with the expansion mandrel 1105 during the extnision process 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region oftheweUbore 1000 belowtheapparatus 1100. In tOiis manner fluidic 
materials are prevented from entering the region of the wellbore 1000 beiow the 
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apparatus 1100. The packer 1155 may comprise any number of conventionaJ 
commercially available packers such as, for example, EZ DriU Packer. EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 

belowthe tie-back inplaceofthepacker 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the weUbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. Thematerial 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumpingof the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The niatcrial 1 160 may be pumped into the annular region at pressures and flow rates 
ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 0 to 5678 1177 

25 litres/minute (0 to 1.500 gallons/m>„). respectively, h a preferred embodiment, the material 
1 1 60 ,s pumped into the annular region at pressures and flow r^tes specifically designed for the 
casmg sizes being run. the annular spaces being fliled. the pumping equipment available, and the 
properties of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 

30 The hardenable fluidic sealingmaterial 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as. 
for . example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Hallibtirton Energy 
Services in Dallas, TX in order to optimally provide proper stqiport for the tubxilar 
member 1110 while Tnaintaining optimum flow characteristics so as to minimize 
5 operational difBculties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The anntilar region may be filled with the material 1160 in sufBcient 
quantities to ensure that, upon radial eiqmnsion of the tubular member 1110, the 

10 aimularr^on will be filled with material 1160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1160, one or more plugs 1165^ or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fluidicly isolating the interior 
region of the tubular member 1110 firom the ^Tini^iflr region external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causingthe interior region to pressurize. In a particularly preferred 
embodiment, the one or more phigs 1165, or other similar devices, are introduced 
into the fhiid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded ofif of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1 105 is raised out of 

25 theexpandedportionof the tubular member 1110. 

The plugs 1165 are preferably placed into the fhiid passages 1140 by 
introducing the phigs 1166 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices firom plugging a fluid passage such as, for example, 

30 brassballs, phigs, nibberballSiOrdartsmodifiedinaccordancewit^ 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
bails. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After placement ofthe plugs 1 165 in the fluid passages 1 140. the non hardenable fluidic material 
5 11 61 is preferably pumped into the interior region ofthe tubular member 1 1 10 below the mandrel 1 105 at 
pressures and flow rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 
151.4164 to 113. 562.355 litxes/minute (40 to 30.000 gaUons/min). In a preferred embodiment, after 
placement of the plugs 1165 in the fluid passages 1140. the non hardenable fluidic material 1161 is 
preferably pumped into the interior region ofthe tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
151.4164 to 4731.7648 U,xes/mi„ute (40 to 1250 gallons/min) in order to optimaUy provide ex.n,sion of 
typical tubuJars. 

For typical tubular members 1 1 10. the extnision ofthe tubular member U 10 off 
ofthe expandable mandrel 1 105 will begin when the pressure ofthe interior region ofthe 
tubular member 1110 below the mandrel 1 105 reaches, for example, approximately 
82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred en^bodiment, the extmsion of 
the tubular member 1110 offof the expandable mandrel 1 1 05 begins when the pressure 
ofthe mtenor region of the mbular member 1110 below the mandrel 1 1 05 reaches 
approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extmsion process, the expandable mandrel 1 105 may be raised out of 
the expanded portion ofthe tubular member 1 1 10 at rates ranging, for example, from 
20 about 0 to 1.524 m/s(0 to 5 ft/sec), m a preferred embodiment, during the extmsion 
process, the expandable mand«l 1 105 is raised out ofthe expanded porUon ofthe tubular 
member 1 1 10 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
optimally provide pem,it adjustment of operational parameters, and optimally ensure that 
the extmsion process will be completed before the material 1 160 cures. 

25 



In a preferred embodiment, at least a portion 1180 ofthe tubular member 

1110hasanintemaldiameterlessti^theouteidediameterofthemandrelll05 
In this manner, when the mandrel 1105 expands the section 1180 ofthe tabular 
30 member 1110. at least a portion ofthe expanded section 1180 effects a seal with 

atleast the wellboreca8ingl012.1naparticularlypreferredembodiment, the seal 
IS effected by compressing the seals 1016 between the expanded section 1180 and 



the weUbore casing 1012. In 4 preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1 110 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to optimally provide pressure to activate the sealing members 1 145 and 
provide optimal resistance to ensure tiial the joint wiU withstand typical extremes 
of tensile and compressive loads. 

In an alternative prefen^ed embodiment, substantially aU of tiie entire lengtfi 
of tile tubular member 1 1 1 0 has an internal diameter less than ttie outside 
diameter of tfie mandrel 1 105. In tiiis manner, extrusion of tiie tubular member 
1 1 1 0 by ttie mandrel 1 1 05 results in contact between substantially all of tiie 
expanded tubular member 1 110 and the existing casing 1008. In a preferred 
embodiment, tiie contact pressure of tfie joint between tiie expanded tubular 
member lllOand tiie casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 10,000 psi) in order to optimally provide pressure to activate 
tfie sealing members 1 145 and provide optimal resistance to ensure tiiat tfie joint 
will witfistand typical extremes of tensile and compressive loads. 

In a preferred embodiment, tiie operating pressure and flow rate of tiie 
material 1161 is controllably ramped down when tfie expandable mandrel 1 105 
reaches tiie upper end portion of the tubular member 1 1 1 0. In tiiis manner, tiie 
sudden release of pressure caused by ttie complete extnision of tiie tubular 
member II 10 off of tfie expandable mandrel 1105 can be minimized. Ina 
preferred embodiment, tfie operating pressure of tfie fluldic material 1 161 is 
reduced in a substantially linear fashion from 100% to about 10% during tfie end of 
the extrusion process beginning when tfie mandrel 1 105 has completed 
approximately all but about 1 .524m (5 feet) of tiie extnision process. 

Alternatively, or in combination, a shock absortier is provided in tiie support 
member 1 150 in order to absori, tfie shock caused by tfie sudden release of 
pressure. 

Altematively. or in combination, a mandrel catching structure is provided in 
the upper end portion of tfie tubular member 1 1 10 in order to catch or at least 
decelerate tfie mandrel 1 105. 



Seferring to Fig. lOfi once the extnisioii process is completed, the 
expandahle mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactoiy, then the uncured portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner The 
10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventionalmannerusingaconventionaldrillstring. The resulting tie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 and an outer Annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. 1 la-1 If, an embodiment of an c^paratus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 includes an existing cased section 1210 having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 
30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tub^ilar member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid i^ssage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydrauUc expansion tool 
10 substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
mcorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded ofTof the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example. Oilfield 
Countiy Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121 .92 cms (1.05 to 48 inches), respectively. In a preferred embodiment, the inner and 
outer diameters of the tubular member 1310 range from about 7.62 to 39.37 cms (3 to 
15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide minimal telescoping effect in the most commonly encountered wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameterofthe upper portion 

1355 of the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1 H inches) and 8.89 to 40.64 
cms (3 to 16 inches), respectively. In a prefened embodiment, the wall thickness and outer diameter of 
30 the intermediate portion 1360 of the tubular member 1310 range from about 1 .5825 to 1.905 cms (0.625 to 
0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), respectively. In a preferred embodiment, the wall 
thickness and outer diameter of Ae lower portion 1365 of 
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the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 inches) 
and 8.89 to 40.64 cms (3.5 to 16 Inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciiiate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modifled to catch or slow down the mandrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to t>etween about 12.192 to 6096 m 
(40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe v^th a 
sealing sleeve for a latch-down plug modifled in accordance with the teachings of 
the present disclosure. In a prefened embodiment, the shoe 1315 comprises an 
aluminum dov^-jet guide shoe with a sealing sleeve for a latch-dovm plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1310 into the wellbore 1200, optimally fluidicly isolate the interior of the 
tubular member 1310, and optimally permit the complete drill out of the shoe 1315 
upon the completion of the extmsion and cementing operations. 

In a prefened embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 havin^r an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off- by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position a(«acent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 11 356.2355 litres/minute (0 to 3,000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This peimits the interior region 1370 ofthe tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline ofthe apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 11356 2355 
30 htres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to 

optimally fill the annular region between the tubular member 1310 and the new section 1230 of ■ 
the wellbore 1200 w,th fluidic materials, h a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxies at flow rates and pressures ranging from about 0 to 11 356.2355 

litres/minute (0 to 3.000 gallons/minute) and 0 to 620.528 1 3 bar (0 to 9,000 psi) in order 
to optimally fill the annular region between the tubular member 1310 and the new section 
1 230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casmg 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commerciaUy available seals 
20 such as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas. TX in order to optimaUy provide a hydraulic seal in the 
annulus of the overlappingjoint while also creatingoptimal load bearing capability 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1310 fit»m the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges fiiom about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 IbO in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 



preferably comprises an annular member having sufficient starength to cany the 
apparatus 1300 into the new section 1230 of the weUbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizere (not illustrated) to help stabilize the tubular member 1310. 
5 inaprefen«dembodiment,thesupportmemberl345isthoroughlycleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 isminimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interfwes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the tf urhing B of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-dovm plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for reieasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore vohmies are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that mi^t clog up the various flow passages and valves of the 

25 t^>paratus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, throuf^ the fluid passage 1375, and into 
30 the interior re^on 1370 of the tub\ilar member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 1310 and the mterior wall of the new section 1230 of the wellbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the ^iipnlar region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at pressures and flow 

rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 
litres/minute (0 to 1,500 gallons/min), respectively. In a preferred embodiment, the material 
1380 is pumped into the annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 .500 gallons/min), 
respectively, in order to optimally fill the annular region between the tubular member 1 3 10 and 
10 the new section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section beingdrilled and available fixjm Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 wiU be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 

into the fluidpassage 1320. The wiper dart 1395i8preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidicly isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tiibular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga flmd passage such as, 
for example. Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Mxiltiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 
1500 gallons/min) in order to optimaUy extmde the tubular member 13 1 0 ofFof the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior ofthe tubular member 13 10 is minimized. 

In a preferred embodiment, after blocking the Huid passage 1330. the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 litres/minute (40 to 3.000 gaUons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjusuncnts to be made 
30 in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 

interior region 1370 reaches, for exan^jle. proximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 Duringthe extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In apref«aTed embodiment, during' 
the extrusion process, the expandable mandrel 1305 may be raised out of the expanded 
portion of the tubular member 131 0 at rates ranging from about 0 to 0.6096 m (0 to 2 
J5 ft/sec) in order to optimally provide an efficient process, optimally permit operator 
adjustment of operation parameters, and ensure optimal completion of the extmsion 
process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extmded off of 
the expandable mandrel 1305. the outer surface of the upper end portion 1355 of the 
tubular member 13 10 will preferably contact the interior surface of the lower end portion 
20 ofthe casing 1215 to form an fluid tight overlapping jomt the contact pressure of the 
overiappmg joint may range, for example, from approximately 3.447379 to 1,278 9514 
bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the' 
overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10 000 
psi) in order to optimally provide contact pressure suflicient to ensure annular sealing 
and provide enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 wiU ensure an adequate 
fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate ofthe non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 reaches the upper end portionl355 ofthe tubular member 1310. Inthis 
manner, the sudden release of pressure caused by the complete extmsion 
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of the tubularmember 1310 ofif of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fiashion from 100% to about 10% during the end of the extrusion process 
b^inning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively » or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removedfirom the wellbore 1200. In apreferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 1365 of the tubular member 13 10 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubxilar 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
imcured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the annxi^ 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 

within the interior of the expanded tubular member 1310 is then removed in a 

conventional manner using a conventional drill string. The resulting new section 

25 ofcasing 1400 mdudes the expanded tubular meinber 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formationhasbeendescribedthatindudesinstallingatubularliM 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel. 



I The injecting preferably includes injecting a hardenable fluidic seaUing material 
into an cinnular region located between the borehole and the exterior of the 
tubular liner; and a non hardenable fluidic material into cm interior region of the 
tubular liner below the mandreL The method preferably includes fluidicly isolating 
the annular region from the interior region before injecting the second quantity of 
the non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567. 1 1 77 litres/minute (0 to 1 ,500 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 to 
1 1 356.2355 litres/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extmding. The non hardenable fluidic 
material is preferably injected below the mandrel. The method includes 
pressurizing a region of the tubular liner below the mandrel. The region of the 
tubular liner below the mandrel is preferably pressurized to pressures ranging from 
about 34.473 to 620.52813 bar (500 to 9,000 psi). The method preferably includes 
fluidicly isolating an interior region of the tubular liner from an exterior region of 
the tubular liner. The method further preferably includes curing the hardenable 
sealing material, and removing at least a portion of the cured sealing material 
located within the tubular liner. The method further preferably includes 
overiapping the tubular liner with an exisUng wellbore casing. The method further 
preferably includes sealing the overiap between the tubular liner and the existing 
wellbore casing. The method further preferably includes supporting the extruded 
tubular liner using the overiap with the existing wellbore casing. The method 
further preferably includes testing the integrity of the seal in the overiap between 
the tubular liner and the exisUng wellbore casing. The method further preferably 
includes removing at least a portion of the hardenable fluidic sealing material 
v^thin the tubular liner before curing. The method further preferably includes 
lubricating the surface of the mandrel. The method further preferably includes 
abs(^ing shock. The method further preferably Includes catching the mandrel 
uporf the completion of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that: includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 

The mandrel is coupled to the support member andincludesasecondfluid passage. 
5 Thetubularmemberiscoupledtothemandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 

are operably coupled. The support memberpreferably further includesapressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted toprevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated fi^m materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing^casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging fiom about 7.62 to 39.37 cms (3 to 15 5 
inches) and 8.89 to 40.64 cms (3.5 to 1 6 inches), respectively. The tubular member preferably has a plastic 
yield pomt ranging ftom about 275.9028 to 9307.92195 bar (40.000 to 135.000 psi). TTie tubular 

member preferably includes one ormore sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port; adapted to receive a plug for 
blocking the inlet port:. The shoe preferably is drillable. 

Amethodofjomingasecond tubular member toafirsttubular member the 
26 fi'sttubularmemberhavinganinnerdiametergreaterthananouterdiameterof 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 

30 ^condtubularmemberoffofthemandrelintoengagementwiUithefirsttobular 
member. The pressurizing of the portion of the interior region of the second 

tubular memberispreferablyprovidedatoperatingpressuresrangingfh)mabout 
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34.473 to 620.52813 bar (500 to 9,000 psi). The pressurizing of the portion of the interior region of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

Aliner for use in creating a new section of wellbore casing in a sxibterranean 
10 formation a4jaoent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing m^nbers at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weUbore casing has been described that includes a tubular liner and an 
15 annularbodyofacuredfluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner oflF of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures ranging from about 34.473 to 620.528 13 bar (500 to 9.000 psi). The tubular liner preferably 

5 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weUbore casing within a 
) borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner i^i the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 113562,355 
litres/minute (40 to 3,000 gallons/min). In a prefeircd embodiment, the injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic inaterial is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.5281 3 bar (500 to 9,000 psi). In a 

preferred embodiment, the method ftuther includes overlapping the tubular liner 
1 5 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubiilar liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubidar liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular hner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



dxiring the pressurizing, the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 

34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of a cured fluidic 

5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and the 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for emending a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fliiid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third flmd 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated from materials selected fh)m the group 
consisting of tool steel, titanixun, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shovm and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 



1- .vention may be employed without a corresponding use of the other features 
According, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. A method of creating a casing in a borehole located in a 
subterranean formation, comprising: 

instating a tubular liner and a mandrel in the borehole; 

injecting a fluidic material into the borehole; 

injecting the fluidic material through the mandrel; 

pressurizing a portion of an interior region of the tubular liner below the 
mandrel; and 

radially expanding at least a portion of the tubular liner in the borehole 
by extruding at least a portion of the tubular liner off of the mandrel. 

2. A method of creating a casing in a borehole located in a section 
of a subterranean formation, the borehole having an already existing casing, 
comprising: 

drilling out a new section of the borehole adjacent to the already existing 

casing; 

placing a tubular liner and an expandable mandrel into the new section 
of the borehole; 

overlapping the tubular liner with the already existing casing; 

injecting a hardenable fluidic sealing material into an annular region 
between the tubular liner and the new section of the borehole; 

fluidicly isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the tubular liner below 
the mandrel; 

injecting a non hardenable fluidic material into the interior region of the 
tubular liner below the mandrel; 

extruding the tubular liner oflFof the expandable mandrel; 

sealing the overlap between the tubular liner and the already existing 

casing; 

supporting the tubular liner with the overlap with the already existing 

casing; 
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removing the mandrel from fee borehole; 

testing the integrity of the seal of thd overlap between the tubular liner 
and the akeady existing casing; 

removing at least a portion of the hardenable fluidic sealing material 
5 from the interior of the tubular liner; 

curing the remaining portions of the hardenable fluidic sealing material; 

and 

removing at least a portion of the cured hardenable fluidic sealing 

material within the tubular liner. 
« 

0 

3. An apparatus, comprising: 

a support member, the support member including a first fluid passage; 
a mandrel coiq)led to the support member, the mandrel including: 
a second fluid passage; 
> a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular member, the shoe including a third fluid 
passage; 

wherein the first, second and third flxiid passages are operably coupled. 



4, An apparatus, comprising: 

a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 

an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid passage; 

a tubular member coupled to the mandrel, the tubular member including 
one or more sealing elements; 

a shoe coupled to the tubular member, the shoe including: 

a fourth fluid passage coupled to the third fluid passage, the fourth fluid 
passage adapted to receive a stop member; and 
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one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and o 

at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entry of foreign material into an interior region 
of the tubular member. 

5. A method of joining a second tubular member to a first tubular 
member, the first tubular member having an inner diameter greater than an 
outer diameter of the second tubular member, comprising: 

positioning a inandrel within an interior region of the second tubular 
member; 

pressurizing a portion of the interior region of the second tubular 
member below the mandrel by injecting a fluidic material into the second 
tubular member through the mandrel; and 

extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. 

6. An apparatus, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 

an expandable tubular member coupled to the mandrel; and 

a shoe coi^led to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 
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The method of claim 1, wherein the injecting includes: 
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injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the tubular liner; and 

injecting non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. 

8. The method of claim 7, further conq>rising: 

fluidicly isolating the annular region from the interior region before injecting 
the non hardenable fluidic material into the interior region. 

9. The method of claim 7, wherein the injecting of the hardenable 
fluidic sealing material is provided at operating pressures and flow rates 
ranging from 0 to 344.738 bar (0 to 5,000 psi) and 0 to 5618.12 litres/min (0 to 
1,500 gallons/min). 

10. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at operating pressures and flow rates 
ranging from 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
1 1356.2355 litres/min (40 to 3,000 gallons/min). 

11. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at reduced operating pressures and flow 
rates during an end portion of the extruding. 

1 2. The method of claim 1, wherein the portion of the tubular liner 
below the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

1 3. The method of claim 1 , further comprising: 

fluidicly isolating an interior region of the tubular liner from an exterior 
region of the tubular liner. 
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14. The method of claim 1 3 , wherein the interior region of the 
tubular liner isolated from tiie region to the tubular liner by inserting one or 
more plugs into the injected fluidic material. 

5 15. The method of claim 1 , further comprising: 

curing at least a portion of the fluidic material; and 
removing at least a portion of the cured fluidic material located within 
the tubular liner. 

10 16. The method of claim 1 , further conq>rising: 

overlapping the tubular liner with an existing wellbore casing. 

17. The method of claim 16, further comprising: 

sealing the overlap between the tubular liner and the existing wellbore 

15 casing. 

18. The method of claim 1 7, further comprising: 

supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. 

20 

1 9. The method of claim 1 7, further comprising: 

testing the integrity of the seal in the overlap between the tubular liner 
and the existing wellbore casing. 

2 5 20. The method of claim 1 5, further comprising: 

removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. 

21 . The method of claim 1 , further comprising: 

3 0 lubricating the surface of the mandrel. 



22. The method of claim 1 , further comprising: 



absorbing shock. 



23. The method of claim 1, further comprising: 
catching the mandrel upon the completion of the extruding. 

5 

24. The method of claim 1, further conq)rising expanding the 
mandrel in a radial direction. 

25. The method ofclaiml, further including: 
1 0 drilling out the mandrel. 

26. The method of claim 1 . further including: 
supporting the mandrel with coiled tubing. 

15 27. The method of claim 1 , wherein the wall thickness of the tubular 

liner is variable. 

28. The method of claim 1, wherein the mandrel is coupled to a 
drillable shoe. 

20 

29. The apparatus of claim 3, wherein the support member further 
includes: 

a pressure relief passage; and 

a flow control valve coupled to the first fluid passage and the pressure 

2 5 relief passage. 

30. The apparatus of claim 3, wherein the support member further 
includes a shock absorber. 

3 0 31. The apparatus of claim 3 , wherein the support member includes 

one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular member. 
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32. The apparatus of claim 3, wherein the support member includes 
one or more stabilizers. 

33. The apparatus of claim 3, wherein the mandrel is expandable. 

34. The apparatus of claim 3, wherein the tubular member is 
fabricated from materials selected from the group consisting of automotive 
grade steel, plastic and chromium steel. 

35. The apparatus of claim 3, wherein the tubular member has iimer 
and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1,05 to 48 inches), respectively. 

36. The apparatus of claim 3, wherein the tubular member has a 
plastic yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 
135.000 psi). 

37. The apparatus of claim 3, wherein the tubular member includes 
one or more sealing members at an end portion. 

38. The apparatus of claim 3, wherein the tubular member includes 
one or more pressure relief holes at an end portion. 

39. The apparatus of claim 3, wherein the tubular member includes a 
catching member at an end portion for slowing down movement of the mandrel. 

40. The apparatus of claim 3, wherein the shoe includes: 

a fluid conduit coupled to the third fluid passage, the fluid conduit 
adapted to receive a plug for blocking the fluid conduit. 
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41 . The apparatus of claim 3» wherein the support member comprises 
coiled tubing. 
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42. The apparatus of claim 3, wherein the shoe includes one or more 
exhaust passages coupled to the third fluid passage for injecting fluidic material 
outside of the shoe. 

43. The ^paratus of claim 3, further comprising at least one wiper 
plug removably coupled to the mandrel. 

44. The apparatus of claim 43, wherein the wiper plug includes a 
fluid passage operably coupled to the second fluid passage. 



45. The apparatus of claim 3, wherein at least a portion of the 
1 5 mandrel and shoe are drillable. 

46. The apparatus of claim 3» the wall thickness of the tubular 
member in an area adjacent to the mandrel is less than the wall thickness of the 
tubular member in an area that is not adjacent to the mandrel. 

20 

47. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at operating 
pressures ranging from 34.473 to 620.52813 bar (500 to 9,000 psi). 

25 48. The method of claim 5, wherein the pressurizing of the portion of 

the interior region of the second tubular member is provided at reduced 
operating pressures during a latter portion of the extruding. 

49. The method of claim 5, further comprising: 
3 0 sealing the interface between the first and second tubular members. 



50. The method of claim 5. further comprising: 
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supporting the extruded second tubular member using the interface with 
the first tubular member. 

5 1 . The method of claim 5, further con5>rising: 
5 lubricating the surface of the mandrel. 

52. The method of claim 5, further con^rising: 
absorbing shock. 

10 53. The method of claim 5, further comprising: 

expanding the mandrel in a radial direction. 

54. The method of claim 5» further comprising: 
positioning the first and second tubular members in an overlapping 

15 relationship. 

55. The method of claim 5, further comprising: 

fluidicly isolating an interior region of the second tubular member firom 
an exterior region of the second tubular member. 

20 

56. The method of claim 55, wherein the interior region of the 
second tubular member is fluidicly isolated from the region exterior to the 
second tubular member by injecting one or more plugs into the interior of the 
second tubular member. 

25 

57. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided by injecting a 
fluidic material at operating pressures and flow rates ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 

30 to 3 ,000 gallons/minute). 



58. The method of claim 5, further comprising: 
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injecting fluidic material beyond the mandrel. 

59. The method of claim 5, wherein the region of the tubular liner 
beyond the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

60. The method of claim 5, wherein the first tubular member 
comprises an existing section of wellbore. 

6 1 . The method of claim 5, further comprising: 

supporting the extruded second tubular member using the first tubular 
member. 

62. The method of claim 49» further comprising: 

testing the integrity of the seal in the interface between the first tubular 
member and the second tubular member. 

63. The method of claim 5, further comprising: 
catching the mandrel upon the completion of the extruding. 

64. The method of claim 5, further comprising: 
drilling out the mandrel. 

65. The method of claim 5, further con^Mrising: 
supporting the mandrel with coiled tubing. 

66. The method of claim 5, further comprising; 
coupling the mandrel to a drillable shoe. 

67. The apparatus of claim 6, wherein the interior portion of the 
mandrel includes: 

a tubular member; and 



a load bearing member. • 

68. The apparatus of claim 67, wherein the load bearing member 
comprises a drillable body. 

5 

69. The apparatus of claim 6, wherein the interior portion of the shoe 
includes: 

a tubular member, and 
a load bearing member. 

10 

70. The apparatus of claim 69, wherein the load bearing member 
comprises a drillable body. 

7 1 . The apparatus of claim 6, wherein the exterior portion of the 
1 5 mandrel comprises an expansion cone. 

72. The apparatus of claim 7 1 , wherein the expansion cone is 
fabricated from materials selected from the group consisting of ceramic, tool 
steel, titanium and low alloy steel. 

20 

73. The apparatus of claim 71 , wherein the expansion cone has a 
surface hardness ranging from about 58 to 62 Rockwell C. 

74. The apparatus of claim 6, further comprising: 

2 5 one or more wiper plugs coupled to the mandrel 

75. The apparatus of claim 74, wherein the wiper plug includes a 
fluid passage fluidicly coupled to the second fluid passage. 

3 0 76. The apparatus of claim 6, wherein the support member comprises 

coiled tubing. 
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77. The method of claim 1, wherein the interface between the 
mandrel and the tubular liner is not fluid tight 



78. The method of claim 2, wherein the interface between the mandrel 
and the tubular liner is not fluid tight. 

79. The apparatus of claim 4, wherein the interface between the 
tubular member and the expandable mandrel is not fluid tight. 

80. The method of claim 5, wherein the interface between the second 
tubular member and the mandrel is not fluid tigjit 

81. The apparatus of claim 6, wherein the interface between the 
mandrel and the tubular member is not fluid tight 

82. An apparatus, comprising: 

a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the interface between the tubular liner and the expansion 
mandrel is not fluid tight. 

83. The apparatus of claim 82, wherein the 
support member further includes a shock absorber. 




84. iThe apparatus of claim 82, wherein the support member includes 
one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular liner. 

5 85. The apparatus of claim 82, wherein the support member includes 

one or more stabilizers. 

86. the apparatus of claim 82, wherein the expansion mandrel is 
expandable. 

10 

87. The apparatus of claim 82, wherein the tubular liner is fabricated 
from materials selected from the group consisting of automotive grade steel, 
plastic and chromium steel. 

15 88. The apparatus of claim 82, wherein the tubular liner has inner 

and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

89. The apparatus of claim 82, wherein the tubular liner has a plastic 
20 yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). 

90. The apparatus of claim 82, wherein the tubular liner includes one 
or more sealing members at an end portion. 

2 5 91. The apparatus of claim 82, wherein the tubular liner includes one 

or more pressure relief holes at an end portion. 

92. The apparatus of claim 82, wherein the tubular liner includes a 
catching member at an end portion for slowing down movement of the 

3 0 expansion mandrel. 



93. The apparatus of claim 82, wherein the sho]e further defines an 
: fluid conduit coupled to the third fluid passage, the fluid conduit adapted to 

receive a plug for blocking the fluid conduit. 

94. The apparatus of claim 82, wherein the support member 
comprises coiled tubing. 

95. The apparatus of claim 82, wherein the shoe includes one or 
more exhaust passages coupled to the third fluid passage for injecting fluidic 
material outside of the shoe. 

96. The apparatus of claim 82, further comprising at least one wiper 
plug removably coupled to the expansion mandrel. 

97. The apparatus of claim 96, wherein the wiper plug defines a 
fourth passage operably coupled to the second fluid passage. 

98. The apparatus of claim 82, wherein at least a portion of the 
expansion mandrel and shoe are drillable. 

99. The apparatus of claim 82, the wall thickness of the tubular liner 
in an area adjacent to flie expansion mandrel is less than the wall thickness of 
the tubular liner in an area that is not adjacent to the expansion mandrel. 

100. The apparatus of claim 82, wherein third fluid passage defined by 
the shoe comprises one or more radial passages defined by the shoe. 

101. The apparatus of claim 82, further comprising a packer coupled 
to the shoe. 



102. The apparatus of claim 82, wherein the wall thickness of a 
portion of the tubular liner above the expansion surface of the expansion 
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\ mandrel is greater than the wall thickness of a portion of the tubular liner below 
the expansion surface of the expansion mandrel. 

.103. An apparatus, comprising: 
5 a support member defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 
a tubular liner coupled to the expansion mandrel; 
a shoe coupled to the tubular hner defining a third fluid passage; and 
10 a packer coupled to the shoe; 

wherein the first, second and third fluid passages are operably coupled. 

104. An apparatus, comprising: 
a support member defining a first fluid passage; 
15 an expansion mandrel coupled to the support member including an outer 

expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

20 and 

wherein the third fluid passage defined by the shoe comprises one or 
more radial passages. 



1 05. An apparatus, comprising: 
a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 



wherein the wall thickness of a portion of the tubular liner above the 
expansion surface of the expansion mandrel is greater than a wall thickness of 
portion of the tubular liner below the expansion surface of the expansion 
mandrel. 



